Shuhui Tang (Deemo)
Finance
Introduction
From the prospect of development of high-tech and big data, in the days of overwhelmingly dominant mass media, Chinese investors are easily affected by hot topics on the media on the Internet and are likely to take irrational actions. On one hand, with the power of mass media, they tend to consume rationally but invest emotionally.
Additionally, from the view of sustainable development, faced with the problems of resource shortage and environmental pollution, many countries have proposed a low-carbon economy to achieve sustainable development. They have adopted renewable energy as an important part of their energy development. The renewable energy is an important part of sustainable development in China. On the other hand, China is rich in solar energy resources and now it has become the world's largest producer of solar energy.
Solar energy has caught the attention by larger amounts of people in various industries in
China.
In order to help the investors and companies behave better in the process of investment, the research carried out in order to give them a way to figure out the correlation between searching volume in the Baidu index and perform better in the stock market. The research chose Baidu index as our research object to measure the influence of mass media because media information has good reliability, accuracy, and accessibility. The searching index in Baidu can reflect the amount of attention in a comprehensive and objective way. Searching Index and Media Index are two major parts of Baidu index. These two Baidu indexes will be chosen as a measurement for the Internet's influence. Plus, Hexun index will be also taken into consideration as the mediator variable (MV) in the analysis of Baidu index's effect in stock market. After completing the research, we hope we could know the connections between the dynamics of stock price and Baidu index and then help both investors and companies better understand the correlation between stock market and solar industry. With a better understanding of their connections, both investors and companies can take wiser and more rational plans and strategies when making their decisions of their purchasing and selling decisions.
The concept of Hexun Index
Hexun index is one of the most complete fund database in China's fund market with the longest operation time. It enjoys a high reputation in the industry due to its strong Thus, it established a better basic database and more humanistic multi-function value-added database. Through the integration and extraction, a lot of data information and data-oriented services can be more logically provided to investors.
The concepts of Searching Index and Media Index of Baidu
Baidu is China's largest search engine. Search Index and Media Index are two major parts of Baidu index. The Search Index uses search volume of netizens in Baidu as data basis, keyword as statistical object, and it calculates the weighted sum of keyword search frequency through a scientific analysis. The Media Index is related to the keyword that included in the Baidu news channels and news coverage of various Internet media.
Baidu indexes will be chosen as a measurement for the Internet's influence and Chinese Internet users' attention to certain events. Baidu index is processed by algorithm, which can basically reflect the frequency of keyword search. Baidu index shows the Internet users' attention to certain keywords and the continuous changes, the search size of a certain keyword, the ups and downs within a period, and changes of related news public opinion.
Objective and Significance of This Study
Faced with the problems of resource shortage and environmental pollution, many countries have proposed a low-carbon economy to achieve sustainable development.
Many countries have adopted renewable energy as an important part of their energy In order to find out whether there is correlation between the sectors of stock market and Baidu index. We will take the stock sector of solar industry as an object of our analysis. Baidu Index comes from the source of Internet media Big Data. We hope to study the influence of media on the stock market performance and investors investment behavior though the tool of Baidu Index. In addition, the research will further study about which index's effect is most significant.
After completing the research, we could help both investors and companies to predict or better understand about the trends in the stock market. Besides, the stock market may be controlled within a limited range if we understand the influence of external factors that in addition to the factors of the stock itself. For the further study, they can do research based on the influence of searching index to learn more about the behavior of stock investors and the performance of stock market.
Literature Review
A large and growing body of literature has investigated the correlation between investors' attention and stock markets and measured the attention with internet search index. Internet search query index includes a firm's name, alternative words, and correlative words.
Foreign Research of Subject
Much of the current literature analyzed the influence of search volume on stock market. Google, as a free, easy access website and leading search engine provider, it helps researchers to capture a large number of search interests in specific areas (Dietzel, Braun and Schäfers, 2014) . In the theory of Efficient Markets Hypothesis, which delivered by Eugene Fama in 1970s, the stock price will sharply rise when the positive information appears. The stock market is not only affected by the performance of each listed company itself, but also will be influenced by Internet search query data. With the increase of the searching volume, there will be some change and special performance in the stock market. For example, when the stock market volatile, the searching volume will increase and as the search volume increased, the volatile of stock market also improved (Dimpfl & Jank, 2016) .
On the one hand, search volume data can be a leading indicator of short-term trends and can even be a turning point for the stock market. For instance, Google search data is suitable for measurement of sentiment in commercial real estate market. (Dietzel, Braun and Schäfers, 2014) . On the other hand, the change in the search volume of a company's name has a lot to do with trading activity and investor awareness (Bank, Larch and Peter, 2011) .
Domestic Research of Subject
In recent years, there has been an increasing amount of literature about the influence of investors' attention on the stock market in China. Baidu is the biggest search engine in China so most of the scholars researched based on Baidu as their research object which represented media influence and investors' attention in China (Li, Zhang, Fu, & Wan, 2013) . Chen, Mi, Li, and Zheng (2016) claimed that Baidu Index is an effective quota for the research.
Several studies have found that media have a positive correlation stock market, like its liquidity, and joint positive with stock returns when the media information is positive to the investors or the hottest topic at that moment (Fang, Jiang & Qian, 2014; Wang & Hu, 2017; Wang, Long & Wei, 2018) . After expanding the theoretical model of Barber and Odean (2008), the Price Pressure Hypothesis, Shi, Huang, Chen (2012) and Li, Zhang, Fu and Wan (2013) have also found that the return of stock investment will decrease when the stock got raising attention. It shows that media can be a forecasting factor to the stock price because it has influence on stock market.
To more accurately determine how the media can affect the stock market, Wang and Hu (2017) compared stocks closing prices under different periods: before the event, at the event and after the event based on the Baidu Index. They found the correlation between these two variables that when time passed and the attention on the topics declined, stock prices volatile and volumes of stock decreased at the same time. This proved that nowadays investors invest rationally. They also stated that during the period that the topic is hottest and optimistic, the excess return of related stocks will increase while the average abnormal return will present periodic trends and decreased as time passed (Wang & Hu, 2017 ). What's more, several studies have found that the media correlation to stock rate of returns and the average rate of returns was only for a short-term and after that, the rate of returns would decline and performed bad for a long period (Rao, Peng & Cheng, 2010; Yu & Zhang, 2012; Fang, Jiang & Qian, 2014) .
Overall, the proof of previous research is not adequate to explain the effect of media and searching index to the fluctuation of stock price, because firstly some research focus on the industry which has both positive news and scandal, and they cannot fully represent the sustainable hot topic. For example, a scandal also increases the attention of public yet it decreases the stock price. For the second, most past research has not concerned about other variables of stock searching index like Hexun index. Thus, this research will focus on the sustainable positive topic-solar energy industry and form the multiple-regression model to test the effect of Baidu index with the concerning on moderator variable of Hexun index. Third, most previous research just analyzed the correlation but did not focus on the causal relationship between the search index and stock market. Therefore, our research will use Granger Causal Relation Test to figure out which is the cause to the other. Besides, as many previous papers didn't have reliable supporting about the future estimation, this research concentrate on how to apply the result to get the reliable future estimation. Our research is to fill these gaps in this field.
Assumption
Assumption 1: All the data's processing and calculating is based on the 4 categories of assumptions according to the basic theory in applied econometric:
MLR.1 Introduce the population model and interpret the population parameters which we hope to estimate. This research assume that the samples can represent the whole population of Baidu indexes and the closing stock prices of solar energy. And the parameter can estimate the correlation between searching indexes in Baidu and the close price of solar industry MLR.2 Introduce random sampling from the population and describe the data that we use to estimate the population parameters. In our research, the sample size is very big and we have enough power to make the results accurate without many coincidence factors due to the small sample size.
MLR.3
Add the assumption on the explanatory variables that allows us to compute the estimates from our sample. More assumption provides chances to make the research strict and free from error.
MLR.4
In the population, the mean of the unobservable error does not depend on the values of the explanatory variables. Although in one formula we can't find all the dependent factors, we can assume the unobserved factors don't have a big impact on the dependent variable. The research design includes two steps, which begin with the examination of correlation among the stock price of the solar energy industry, Baidu media index, searching index with the moderating of Hexun index. Plus, the result of this step can figure out the most essential factor that is most correlated to the close price of the solar energy industry. The second step is conducting the Granger causal relation test to clarify which one is the casual factor and which one is the result between the close price and the Baidu index. Moreover, a VAR model is applied in this process to establish the prediction and forecasting.
The first step of the research is to test the correlation of the stock price of the solar energy industry, Baidu media index, searching index with the moderating of Hexun index via multiple linear regression model. We consider that there may not be a defined correlation between the three variables and the stock price and there is even a mixed relationship. Hence, we hope to establish a certain formula so that the relationship between the variables can be inferred by the multi-regression model. This is a regression model of the dependent variable for multiple independent variables. We regarded Baidu searching index and media index as the measurement of Internet factors, and Hexun index as a stock market factor. Baidu searching index and media index are independent variables, and stock price of solar industry is dependent variable. In order to improve the model, Hexun index will be chosen as a moderating variable.
First, we need to determine if there is a correlation between these variables and, if exist, find the right mathematical expression between them. So, we put forward 3 hypotheses and established 3 models respectively. The first hypothesis is used to test the correlation between the Internet factors and the stock price, the second hypothesis is added to the stock market factor, the Hexun index, and the third hypothesis is based on converting the model into a possible linear one when the nonlinear model is encountered. After making sure the station of the data, it was easy to find the Granger cause-result relationship with EVIEWS. Then, in order to make the applicable prediction and forecasting, the VAR model was used to form the optimal model and make the forecasting test. Plus, the VAR model was examined by Q-test to make sure whether the residuals are White Noise, which means the error is random and have no serial correlation with zero mean.
Data Collection and Description
The database includes Baidu index, Hexun index, TONGDAXING financial planform. For all the 71 companies in the solar industry, we collected data from 56 companies of them. This is because we removed the companies whose company abbreviation or stock code was not included in Baidu Index or some company's abbreviation contains multiple meanings such as "Sunflower" and "Solar energy." It may affect the accuracy of our research subjects.
Each company corresponds to 2 nouns, that is an abbreviation and a stock code which as one set. Then we will collect 56 sets of nouns from the 56 companies' daily data of Baidu searching index, media index and Hexun Index. At the same time, the corresponding daily closing price of the stock were collected. The data are time-series daily data and it covers from Oct. 20, 2011 to April 4, 2018 and the total number group of observation is 1571 because it omits the data of holiday and weekend.
The preliminary calculation is summing up two Baidu indexes of 56 companies and using them to estimate the searching index and media index of the solar industry. 
Empirical Results

Overall Time Series Data Analysis
The overall sample is consisting of 1571 observations from Oct. 2011 to Apr. The regression analysis between searching index, media index, and closing price was performed by OLS (ordinary least square). This study also looked at HEXUN index
as a moderator variable to analyze the outcome between price and index. The purpose is to identify whether there is relation between the stock price and the overall state China's fund market, except the influence of searching engine.
For the overall sample, the regression results shown that searching index had a high correlation with stock price. Besides, HEXUN index also has a significant correlation with stock price. However, the media index is less relevant to the stock price change.
Regression Analysis:
Using regression analysis, we obtained 3 regression equations based on 3 hypotheses: Model 1: + In Table 1 , the R-square (=0.46) shows that the regression of Model 1 can explain 46% of the total variation in stock price outcome. The Null hypothesis (H0) of F-test is that all the parameters of regression model are zero.
In Table 2 , the F-test of the regression Model 1 is 664.11 with the significant less than 5%. Thus, the Model 1 passed the F-test, and we can reject H 0 . It means that there is a significant relationship between stock price and the other Baidu index. Table 3 , all coefficients are positive with the p-value less than 0.05. It shows that media and searching index have significant positive correlation with stock price. In addition, searching index has higher coefficients, which means there is a greater correlation between indices and share prices. In Table 4 , after adding an additional explanatory variable, HEIXUN index, the value of R-square increase from 0.46 to 0.68. It means that the Model 2 has more explanatory power than previous Model 1 as R-square increase. It shows that the regression of Model 2 can explain 68% of the total variation in stock price outcome. Table 5 , the F-test of the regression Model 2 is 1109.367 with the significant much less than 5%. Thus, the Model 2 passed the F-test, and shows that there is a significant relationship between stock price and the three independent variables: searching index, media index, and HEXUN index. The results in Table 6 shows that expect for media index (p-value=0.059), other independent variables are significantly correlate with the stock price.
It shows that searching index has significant positive correlation with stock price. In addition, HEXUN index has significant negative correlation with stock price. In Table 7 , after taking the logarithm of each variable, the value of R-square increase from 0.68 to 0.91. It means that the Model 3 has more explanatory power than previous Model 2 as R-square increase. It shows that the regression of Model 3 can explain 91%
of the total variation in stock price outcome. In Table 8 , the F-test of the regression Model 3 is 5571.055 with the significant much less than 5%. Thus, it shows that Model 3 passed the F-test, and there is a significant relationship between the percentage change of stock price and the percentage change of three independent variables: searching index, media index, and HEXUN index. 
The Result of Causality
The result of previous part show that the searching index is the most significant variable that is correlated to close price of solar industry. Thus, in this part, the research focus on the causality among the level of searching index(SEARCHING), the change of searching index(DSEARCHING), the change of close price(DCLOSE) These four tables above reflect that:
1. DCLOSE causes SEARCHING, which means the change of close price is the Granger cause of the level of searching index for 3 days, and the change of close price possibly can be used to predict the level of searching index.
2. DCLOSE causes DSEARCHING, which means the change of close price is the Granger cause of the change of searching index for 3 days, and the change of close price possibly can be used to predict the change of searching index.
SEARCHING causes DCLOSE, which means the level of searching index is the
Granger cause of the change of close price for 2 days, and the level of searching index possibly can be used to predict the change of close price.
4. DESEARCHING does not cause DCLOSE, which means the change of searching index is not the Granger cause of the change of close price, and the change of searching index cannot be used to predict the change of close price.
 VAR model
According to Granger causal relation test, Model 1 is rejected and the rest of them are possible workable for doing the VAR model. The result of this model suggests that the p-value of searching index (SEARCHING) are all more than 0.05, which means the null hypothesis should not be rejected with 95%
confidence and the level of the searching index cannot be used to predict the change of close price (DCLOSE).
The Result of Model 3
Model 3: = c+ + The result of this model suggests that the p-value of the change of prior searching index[DSEARCHING(-1) and DSEARCHING(-2)] and close price[DCLOSE(-1)] are all less than 0.05, which means the null hypothesis should be rejected with 95% confidence and the change of close price can be used to predict the change of searching index(DSEARCHING).
However, both the R-squared and adjusted R-squared are nearly equal to 0.09, which means the VAR model only can explain 9% data of DSEARCHING. Therefore, the model is not good enough because of its fitness.
The Result of Model 4
Model 4: = c+ + Moreover, based on the graft shown below, the fitted line is really close to actual curve, which means the model is good enough to explain the change. Overall, the change of close price can be used to predict the level of searching index(SEARCHING) and the model is applicable for forecasting.
Discussion and Recommendation
The Discussion on the Correlation The above table shows the Pearson correlation of closing price with searching index, searching index with closing price, the searching index with Ln(closing price), and the closing price with ln(searching index). And according to the concept of Pearson Correlation, it is better for the correlation to be larger than 0.5. From the number of these four pairs we got, they were all larger than 0.5, so the correlation is significant at the 0.01% level, which means it is 99% certain to conclude that these four pairs have strong correlation.
Especially, the correlation between these two variables shows in the above graph, ln(c) and ln(s) had almost same trend, which means closing price and searching index are strongly correlative.
Based on our hypothesis, we assumed that there is a certain correlation between the rate of change of Baidu Index and the rate of change of the stock price of solar energy industry. However, after using Granger causality tests to explore the hypothesis, it surprised us that the change of closing price is the cause; on the contrary, the change of searching both Baidu and Hexun index is the effect. And it further explains that using searching index to predict the stock price is wrong. Therefore, we launched an inference as the following graph shows to describe their relationships, since there is still some correlation between them. And these four stages are interlocked by each other.
In view of the above reasoning, we had two assumptions to have a better explanation of this graph. One is we assume that always individual households use Baidu and Hexun index when buying and selling stock (especially the speculation action of those who find a stock price rise and quickly use Baidu Index or Hexun Index to search for the stock). In contrast, institutional households are hardly doing like what individuals did. Then we made a further assumption that the institutional households are ultimately earning more than individual households. Therefore, we utilize solar energy industry to demonstrate these four stages.
In the first stage, when the searching index of the solar energy industry is quite low, the price of the stock has already risen and the growth rate of it has increased, which means the institutional households start to buy the stock; however, the individual households do not be pay attention to it. So, the solar energy industry is in a condition of "Opportunity", that is a good chance to invest in the stock.
In the second stage, the individual households are becoming to be aware of the growth of the solar energy industry stock, then they start to search for it and the searching index of the stock rises, which lead to the price of the stock rises sharply. The solar energy stock market changes to "Bull Market" at this moment. Therefore, the proper way is to underweight the stock appropriately at the point.
Next, in the third stage, as the result of the second stage, the stock price starts to go down, which means the institutional households gradually reduce the share of the stock; still the searching index keeps in a popular state, there might be two possible cause of the phenomenon, one is for the market changes to "Bear Market", the other might because there has been some negative news in the industry.
In the fourth also the last stage, the price of the stock continues to fall, the heat of searching index of the stock back to normal. The solar energy industry is experiencing the investment period of recession.
The Discussion on the Causality Analysis
Based on Granger causality test and VAR model, we can draw the following relationship:
a. The level of the search index cannot predict the change of the close price.
b. The change of the close price can predict the level of the search index.
 Granger causality test
In these results, the Granger causality test shows that DCLOSE causes SEARCHING and the change of close price is the Granger cause of the change of searching index. And the results of the VAR model show that the previous change of the close price change with a later increase in search volume.
For this result, here is a possible reason: It explains that the stock market contains irrational factors, that is, investors are emotional rather than completely rational.
Investors increased their attention to the stock after the stock price changed and prompted them to search on Baidu. Therefore, higher stock price changes can promote the search volume of relevant keywords.
 Prediction
In the VAR model, based on the optimal model, model 4, we can effectively predict the future search volume through the historical data of DCLOSE.
a. Both the R-squared and adjusted R-squared are nearly equal to 0.99, which means this VAR model can explain 99% data of SEARCHING.
b. The variance of the model is very low, and the Q-test shows that the residual of data is White Noise, which means that our model is very stable.
c. The foresting-test shows that the model is acceptable and applicable for forecasting.
 Application
The results show that the level of the search index cannot be used to predict the change in the closing price, but through the change in the closing price, we can effectively predict the level of the search index in the future. And this result can be used in the application in advertising with the forecasting to search index.
The "advertising" here represents the "search advertising". It is an online marketing method that displays online advertisements on search engine results pages. The system that makes profits through this method is the search engine advertising system. It is designed to allow users to see the advertisements provided by advertisers by matching the query words that inputted by the user and the keyword used by the advertiser for advertising and to get advertising fees.
Our results show that the search index cannot predict the stock price, but the stock price can predict the search index. Thus, changes in the search volume of related keywords can be predicted through changes in the stock price. And the search volume represents the search behavior of the Internet users, so that this prediction can be applied to the placement of search advertising.
According to the results of our research, the change in the close price before can be used to predict the change in the search volume of keywords associated with the stock at the probability of more than 99%. And the behavior of one user's searching for the stock related data also shows that the user is interested in stock-related information. It includes the behavior preferences of user. As a result, this application is feasible.
 Problems
However, there are some problems that need to be solved for the application in advertising: a. What is the proportion of searches for stock-related keywords in total search volume? b. How does the type of ad match the type of user? c. For other stocks, does stock price change have the same ability to predict?
Because this forecasting method is based on the stocks of the solar energy industry. If we want to apply it in a wider range of fields, we need to analyze the same type of stocks in other industries. In order to predict the search volume through the changes in stock close prices, that is, a prediction of network hotspots and to create value from it.
Limitations
1. Although we assume that the sample data follows the rule of normal distribution, after doing the calculation and drawing the graph, we found that the data slightly deviate from the normal distribution. Instead, the value in the middle range has a trend of concavity. In other words, the shape of distribution has two peaks which appeared on two sides of the axis of symmetry. However, the assumption of dealing with the data with normal distribution is acceptable since it's a time series data.
2. The research has no detrending since we want our models have better significance of applications. This model is lack of the process of detrending because we assume that there's no cycle for the time series data.
3. In our research we only consider about the closing price of solar industry stock. The conclusions and results of this study might be limited since all the assumptions and analysis were restricted in the range of solar industry in China.
Conclusion
The main conclusions from regression analysis are:  For further study, we provide to directions to develop the implications for case. In the discussion part, we use a model about four stages interlocked by each other. For deeper research, we can find other methods to prove the conclusion in the model about how these stages of market interlock or interaction with each other. We can also use the same methodology to examine that whether other industries can correspond with the theory in solar industry and then find out its range of application.
